ABSTRACT Metcalfa pruinosa (Say) is an exotic pest introduced into Italy in the early 1980s. It is a polyphagous pest and can infest several plant species used in agriculture, forest, and urban systems. To control this pest, Neodryinus typhlocybae (Ashmead), a specialist parasitoid attacking young M. pruinosa instars, was introduced in Italy starting in 1987. From 1999 to 2001, the establishment of N. typhlocybae was evaluated and a sampling plan developed to estimate its cocoon population density. The spatial aggregation of the cocoons was analyzed by TaylorÕs power law. The aggregation index ranged from 1.064 to 1.136 and a common value (b ϭ 1.1) was estimated. Sequential sampling was shown to be the more practical and least time consuming sampling method. The peak of the parasitoid cocoon population at the end of July (26th to 30th week of the year) is a suitable period in northern Italy to monitor the activity of the parasitoid and to estimate the Þeld parasitization. The potential of the sampling method is discussed, with the aim to evaluate the impact of the parasitoid on M. pruinosa populations.
Metcalfa pruinosa is 1 of 36 species in the planthopper family Flatidae in the United States. This species is found also throughout northeastern America and has been recorded in Canada, in southern Florida, in western Minnesota, in Texas, and Bermuda (Wilson and McPherson 1981) . This planthopper is highly polyphagous having been recorded on Ͼ120 plant species in Ͼ50 plant families in the United States and 330 plant species in 78 plant families in Europe. It is of virtually no economic importance in its native range, with the few records of its effect on cultivated plants including damage to citrus after the buds were affected by a late frost and its occurrence in large numbers on dahlias, salvia, and privet. Only eight species belonging to the family Flatidae occur in Europe, and three are found in Italy (Wilson and Lucchi 2000) .
Among the several insects introduced incidentally into the Palaearctic Region over the past 20 yr, Metcalfa pruinosa (Say) (Homoptera: Flatidae) is considered one of the most proliÞc pests for its ability to infest a wide variety of plant species in agriculture, forest, and urban ecosystems. This planthopper is univoltine in Italy and in northern America, its native range. Adults and nymphs feed on a wide variety of woody and herbaceous plants. The eggs are laid singly in slits just under the bark of the host plants during late summer and early autumn. The eggs overwinter and hatch during the spring of the following year. The juvenile stages produce a great amount of wax and honeydew and often are associated with epiphytic fungi, causing considerable esthetic and economic damage, especially on vegetable, fruit, and ßower crops. Since it was Þrst recorded in northeastern Italy in 1979 (Zangheri and Donadini 1980) , M. pruinosa has spread, colonizing regions in the Czech Republic, Greece (Drosopoulos et al. 2004) , Croatia, Slovenia, Austria, Italy (Sardinia and Sicily), Switzerland, southern France, including the island of Corsica, Hungary (Bé la 2004), and Spain (Girolami et al. 2002, Lauterer and Malenovsky 2002) .
The rapid spread and high population densities were caused, in part, by the lack of M. pruinosaÕs natural enemies in the Mediterranean region. For this reason, a biological control project was begun in Italy at the end of the 1980s to Þnd and import natural enemies to control this pest. In the Nearctic Region, arthropods attacking M. pruinosa include parasitoids, such as Thaumatodryinus danieli Olmi (Olmi 1996) and Neodryinus typhlocybae (Ashmead) (Hymenoptera: Dryinidae) (Dean and Bailey 1961, Wilson and McPherson 1981) . Egg parasitoids are recorded to attack N. typhlocybae; however, their impact on M. pruinosa is negligible (Conti and Bin 1999) . Using information on predator and parasitoid effectiveness in North America, N. typhlocybae was introduced into Italy in 1987 (Girolami and Camporese 1994) . Presently, N. typhlocybae is established in northern, central, and southern Italy, in southern France, and in Switzerland in Tessin. It was recently introduced into Croatia and Slovenia (Zezlina et al. 2001 , Malausa and Costanzi 2002 , Sala and Foschi 2002 .
Neodryinus typhlocybae larvae develop as ectoparasitoids on M. pruinosa immatures. The adult females also feed on M. pruinosa nymphs, thus contributing to the control of this planthopper.
Pest management can be improved by combining the population estimates of phytophagous species and of their natural enemies (Feng et al. 1993) . Examples of sampling methods of natural enemies based on spatial distribution studies can be found in Croft et al. (1976) , Nachman (1981) , Grout (1985) , Feng et al. (1993) , and Malison et al. (1995) . Classical sequential sampling plans have most of the desirable attributes for insect management programs (Nyrop and Binns 1991) but are based on predetermined thresholds that may vary with environmental and agroeconomic conditions (Heinz and Chaney 1995) . Therefore, the development of a sequential sampling plan that estimates the mean density of a population relative to a predetermined level of precision, like the stoplines method (Green 1970) , provides a practical solution for monitoring cocoons of N. typhlocybae. Such a sampling method may be applied in Þeld monitoring to check and/or evaluate the impact of the parasitoid on M. pruinosa populations and to verify the parasitization after the releases in the sites infested by M. pruinosa.
Materials and Methods
The research was conducted from 1999 to 2001, with data collected in the Þeld and in the laboratory.
Field Surveys and Releases of N. typhlocybae. A survey Þeld plot was established at Barbaresco (northwestern Italy; 44Њ43Ј N, 8Њ4Ј E), a town in Piedmont in the province of Cuneo, a hilly area at an altitude of 280 meters above sea level where 87% of the territorial surface of 757 ha is used for agriculture, and 94% of this is vineyards. The survey plot was 36 by 9 m and bordered to the north by a coppice, to the east by a vineyard, and to the south and on the west by wastelands. The survey plot was composed of tree and shrub broadleaves; the most common species present were Ulmus minor Miller (68 plants) and Cornus mas L. (7 plants). These trees are the typical species of the area.
In the Þrst 10 days of June 1999, N. typhlocybae, obtained by mass rearing (BIOPLANET, Martorano di Cesena, Forli Cesena, Italy), were released. Six hundred cocoons with pupae were released: 400 with male pupae and 200 with female pupae. The males released were twice compared with females, because the species has an arrenotokous parthenogenesis. The cocoons, already sexed by the company at shipment, were placed inside containers of a plastic net to create suitable conditions for the emergence of parasitoids and to avoid the entrance of predators. One month after introduction, the containers were collected and taken to the laboratory for calculating the percentage of emergence.
Sampling of M. pruinosa. On 11 June 1999, 10 broadleaf plants (7 Ulmus minor and 3 Cornus mas) were selected in the survey plot (and labeled by colored plastic cards) for repeated sampling to evaluate the population of the M. pruinosa.
In each plant, 10 shoots were randomly chosen at different heights for a total of 100 shoots. The estimation of the number of juveniles was based on the Þrst 20 Ð25 cm of each shoot. Because the numbers were often very high, Þve classes were distinguished, resulting in one class per shoot and an average class per plant and per area: class 0, no juveniles; class 1, 1Ð5 juveniles; class 2, 6 Ð10 juveniles; class 3, 11Ð20 juveniles; class 4, Ͼ20 juveniles.
The sampling was repeated on the same 10 plants in the 2 following yr (13 June 2000 and 14 June 2001).
Sampling of N. typhlocybae. Each year, 10 samples were collected every week from 15 July to 15 September. We sampled 10 shoots on the same 10 plants (7 U. minor and 3 C. mas) used for checking the population of M. pruinosa. After checking a portion of 20 Ð25 cm per shoot every week, N. typhlocybae cocoons were counted in 1999, and both counted and collected for laboratory examination in 2000 and 2001.
Laboratory Observations. All N. typhlocybae cocoons found in 2000 Ð2001 were examined under a stereoscopic microscope and reared inside petri dishes, using wet cotton to provide a water source. The cocoons were kept in the laboratory at 25 Ϯ 2ЊC and 50 Ϯ 5% RH. During the weekly checks, all pupae of the parasitoid found were observed, sexed, and separated.
Data Analysis. The mean and the sampling variance of N. typhlocybae cocoons per branch were calculated for each sampling date. TaylorÕs power law (s 2 ϭ am b ) (Taylor 1961 (Taylor , 1984 , which describes the correlation of means (m) to sampling variance (s 2 ), was used to study the spatial distribution of N. typhlocybae; TaylorÕs parameters (a and b) were estimated by regression of log(s 2 ) on log(m), where the intercept (a) is dependent on the sampling method, and the slope is deÞned as the index of aggregation; as such, the latter is presumed to be a constant per species, and it varies continuously from a regular distribution for b 3 0, to random for b ϭ 1, to clumped for b Ͼ 1 (Taylor 1961) . Analysis of covariance (ANCOVA) was used to compare the parameters of TaylorÕs power law, i.e., to determine if the elevations and slope were coincidental or not (Zar 1984) .
To generate the required sample size for numerical counts of cocoons, the estimated variance from TaylorÕs power law was incorporated into the following sample size formula (Karandinos 1976) : The results of TaylorÕs analysis were also used to evaluate constant precision-level sampling plans for N. typhlocybae cocoons. The formula by Green (1970) was used to calculate stoplines for the sequential samples:
where Tn is the cumulative number of cocoons over n sample units (shoots), d is the Þxed level of precision, and a and b are from TaylorÕs regression.
The equation of Wilson and Room (1983) was used in an effort to develop a presence-absence sampling plan:
where P(I) is the proportion of sampling units (shoots) with N. typhlocybae cocoons, m is the mean number of cocoons per branch, and the constants a and b are derived from TaylorÕs power law.
Results
Metcalfa pruinosa adults, with a gregarious behavior, were observed to be active until the end of October. The level of infestation of M. pruinosa, calculated on 100 shoots of the 10 sampled plants, using the Townsend and Heuberger formula (Tremblay 1985) , was 65, 67, and 62% in 1999, 2000, 2001, respectively. Ninety-three percent of the dryinid population introduced to the Þeld emerged as adults. The adults of N. typhlocybae that died in the cocoons were 4.5% (18/400) of the males and 2.5% (5/200) of the females.
The adults emerged 1 wk after the introduction of the cocoons containing dryinid pupae. At the end of June, M. pruinosa nymphs were observed with the larval sac of N. typhlocybae. The Þrst cocoons were found on the lower leaves in the Þrst days of July. The last mature larvae abandoned the body of the victim and spun their cocoons in the Þrst week of September. The trend of the number of parasitoid cocoons sampled in the 3 yr is given in Fig. 1 . The density peak of cocoons was detected between the 26th and 30th week of the year in all the seasons, showing a regular trend. The sex ratio was 2.1:1 in 2000 and 1.3:1 in 2001 male to female.
The coefÞcients from TaylorÕs power law, calculated from N. typhlocybae cocoons in the 3 yr, are shown in Table 1 . The index of aggregation (b) ranged from 1.064 to 1.136; the parallelism test indicated that there were no signiÞcant differences between slopes for the different years (F ϭ 0.358; df ϭ 2.20; P ϭ 0.703). Thus common regression was used to predict the log (s 2 ) versus log (m) relationship. The common regression produced a slope that is signiÞcantly Ͼ1.0 (b ϭ 1.1, t ϭ 5.54, df ϭ 24, P Ͻ 0.001), indicating a clumped distribution ( Fig. 2; Table 1 ).
Numerical sample size curves for cocoons of N. typhlocybae are shown in Fig. 3 ; precision levels were set to 0.1, 0.2, and 0.3. A mean density of 1.0 cocoon per shoot, which can be considered a value within the range of population peak, requires a sample size of 2,387, 594, and 264 branches for d ϭ 0.1, d ϭ 0.2, and d ϭ 0.3, respectively. The density of N. typhlocybae ranged between 0.01 and 0.5 cocoons per branch for most of our data (88% of samplings). In a few cases of the cocoon population, for example to evaluate the efÞcacy of the introduction of the parasitoid or the parasitization trend, the sampling could be carried out between the 26th and 30th week of the year, a period in which the populations reach a density peak, thus minimizing the sample size. Constant precision level stoplines were calculated using the common regression derived from TaylorÕs power law. This sampling method requires that branches are taken sequentially until the cumulative number of cocoons exceeds stopline values for the number of samples collected for each precision level (Fig. 4) . The mean density can be estimated as the quotient of the cumulative number of cocoons divided by the number of samples.
The relationship between the proportion of shoots with cocoons and the density of cocoons per shoot was calculated incorporating the estimated values of TaylorÕs power law coefÞcient in the Wilson and Room model (Fig. 5) . Considering that the counting of the cocoons of N. typhlocybae is generally timeconsuming, the binomial sampling may be a useful tool in sampling strategies and may be considered an integration to the stoplines calculated in Fig. 5 . A validation test of presence-absence sampling plans will be carried out in the next years to compare the predicted and expected ratios of Fig. 5 and to evaluate the reliability of this sampling procedure.
Discussion
The sequential sampling plan by Green (1970) is recommended for Þeld monitoring of many arthropod pests, and this method is widespread in integrated pest management (IPM) strategies to sample many insects (Nyrop and Binns 1991) . The availability of a rational plan to sample beneÞcials is a useful tool in biological control strategies (Feng et al. 1993 , Malison et al. 1995 . Comparing the two different sampling methods (Figs. 3 and 4) , it appears that the sequential sampling plan by Green is less time-consuming in comparison with the numerical sampling plan. For example, con- sidering a precision level of d ϭ 0.1, after 167 branches are sampled, it is possible to stop the sampling if Ϸ165 cocoons are counted (this ratio corresponds to a density of one cocoon per branch for this precision level). For a precision level of d ϭ 0.2 and for the same cocoon density, the sequential plan can be stopped, if after sampling 41 branches, Ϸ41 cocoons are counted. For a lower cocoon density (i.e., 0.15 cocoons per branch), the sequential plan requires the counting of 200 branches if 34 cocoons are sampled, with a precision level of d ϭ 0.2. The required sample size for numerical counts of cocoons for a density of 1.0 cocoon per branch corresponds to Ϸ2,800 branches for d ϭ 0.1 and to 900 branches for d ϭ 0.2. For Þeld monitoring purposes, the sequential stopline method can be recommended because it is less time consuming in comparison with the numerical sample size. Our method can be applied to evaluate in a simple way the impact of N. typhlocybae on M. pruinosa populations and to check the parasitization after the release of the parasitoid. Considering that N. typhlocybae cocoons are a "Þxed stage," stopline sequential sampling can be an effective tool to sample populations of this beneÞcial species with a rapid method that is easy to apply in the Þeld. Other approaches are suggested (Elliott and Michels 1997 , Perry 1997 , Stein and Ettema 2003 to study movement and dispersal of mobile stages of insects in ecology and landscape management.
Counting the cocoons of the dryinid in the Þeld is very time-consuming, and the sampling can be simpliÞed by binomial sampling. In particular, binomial sampling can be used to strengthen and to integrate the sequential plan by estimating the N. typhlocybae populations from the ratio of branches with cocoons. This ratio can be considered an effective population index to study and understand the population dynamics of this species. Examples of binomial sampling of beneÞcial insects are offered by Nachman (1981) for predatory mites and Feng and Nowierski (1992) for aphid mummies. These methods, giving a standard protocol to sample the beneÞcial arthropod species controlling key pests, are important in the development and spread of biocontrol strategies.
In conclusion, the cocoon sampling can be considered an efÞcient way to evaluate the impact of the parasitoid on the hostÕs population in the release sites and to verify the dispersal of the dryinid from the points of release. The peak of the parasitoid cocoon population at the end of July (26th to 30th week of the year), is a suitable period in northern Italy to monitor the activity of the parasitoid and to estimate the Þeld parasitization.
